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INTRODUCTION 

Thi  Ntvil  Air  Development  Center  intend*  to  eondnot  high  angle  of 
attack  atodiea  on  their  Dynaaic  Flight  Sinnlator  Modelling  the 
Navy/Gruanan  F-14  airplane.  Aa  a  part  of  thia  effort,  rotary  balaaee 
wind  tnnnel  force  teat*  of  an  F-14  nodal  were  ooadneted  to  provide  a 
rotational  aerodynaaic  data  baae  up  to  90°  angle  of  attack. 

A  1/12-aoale  aodel  of  the  F-14  waa  teated  on  the  rotary  balance 
looated  in  the  Langley  Spin  Tnnnel.  Data  were  obtained  for  the  baaic 
airplane  in  the  aanenwer  configuration  with  various  control  aetting*  at 
three  wing  aweepa.  The  data  were  anppliad  to  the  Naval  Air  Developaent 
Center  on  Magnetic  tape.  Thia  report  preaent*  a  description  of  these 
tests  and  the  information  supplied  on  the  data  tape,  as  well  as  a  liat  of 
spin  aedes  predicted  for  the  F-14  utilising  the  rotary  balanee  data. 


SYMBOLS 

The  units  for  physical  quantities  used  herein  are  presented  in  U.S. 
Custoaary  Units. 


b 


c 


s. 


wing  span,  ft 

Mean  aerodynaaic  chord,  ft 

asial-force  coefficient,  Axia^g^°rC*.  positive  aft  along 
the  body  X-axis 

drag  coefficient,  Dr4*g*oro* 

noraal-force  ooeffieient,  Nor“*^  *orc*#  positive  upward 
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s 

CL 

C1 

C1 

stab . 


C 

n 

C 

nstab . 


q 

S 

a 

0 

a 

Qb/2V 


6 

r 


from  the  body  X-Y  plane 

side- force  coefficient,  force ^  positive  out  the 

qS 

right  wing 

.  .  -  .  _  .  Lift  force 

lift  coefficient,  - “ - 

qS 

body-axis  ro  1 1  ing— moment  coefficient,  m0lpcnt 


stability-axis  rolling-moment  coefficient. 

Stab ,-axiy  roll  aoaent 
qSb 


....  _  .  Pitching  moment 

pitching-moment  coefficient,  -  „ - 

qSc 


body-axis  yawing-moment  coefficient. 


Yawina-moment 

qSb 


stability-axis  yawing-moment  coefficient. 

Stab, -axis  yaw  moment 
qSb 

2 

free-stream  dynamic  pressure,  lb/ft 
2 

wing  area,  ft 

angle  of  attack,  deg 

angle  of  sideslip,  deg 

angular  velocity  abont  spin  axis,  rad/sec 

spin  coefficient,  positive  for  clockwise  spin 

differential  horizontal  tail  deflection,  positive  when 
right  surface  is  down,  (6.  -6,  )/2,  deg 

right  left 

symmetrical  horizontal  tail  deflection,  positive  when 
trailing  edge  is  down,  deg 

rudder  deflection,  positive  when  trailing  edge  is  to  the 
left,  deg 
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spoiler  deflection,  positive  for  right  wing  spoiler 
v  deflected  trailing  edge  up 

Ale  sweep  angle  of  the  wing  leading  edge 

Abbreviations 

eg  center  of  gravity 

RPM  ,  revolutions  per  minute 

TE  trailing  edge 

TEST  EQUIPMENT 

A  rotary  balance  measures  the  forces  and  moments  acting  on  a  model 
while  it  is  subjected  to  rotational  flow  conditions.  A  photograph  and 
sketch  of  the  rotary  balance  apparatus  installed  in  the  Langley  Spin 
Tunnel  are  shown  in  figures  1  and  2,  respectively.  The  system's  rotary 
arm,  which  rotates  about  a  vertical  axis  at  the  tunnel  center,  is 
supported  by  a  horizontal  boom  and  is  driven  by  a  motor  counted  external 
to  the  test  section. 

A  NASA  six-component  strain  gauge  balance,  affixed  to  the  bottom  of 
the  rotary  balance  apparatus  and  mounted  inside  the  model,  is  used  to 
measure  the  normal,  lateral,  and  longitudinal  forces,  and  the  yawing, 
rolling,  and  pitching  moments  acting  about  the  model  body  axis.  Controls 
located  outside  of  the  tunnel  test  section  are  used  to  activate  motors  on 
the  rotary  rig,  which  position  the  model  to  the  desired  attitude.  The 
angle-of-attack  range  of  the  rig  is  0°  to  90°,  and  the  sideslip  angle 
range  is  +15°.  Spin  radius  and  lateral  displacement  motors  are  used 
t'  position  the  moment  center  of  the  balance  on,  or  at  a  specific 
distance  from,  the  spin  axis.  (This  is  done  for  each  combination  of  angle 


3 


NADC-81293-60 


and  sideslip  angle.)  It  is  enstoaary  to  aoant  the  balsaee  to 
the  aodel  each  that  its  aoaent  center  is  at  the  location  aboat  ahioh  the 
aerodjrnaaie  aoaeat s  are  desired.  Electrical  earreats  froa  the  balaaoe  aad 
to  the  aotors  oa  the  rig  are  ooadaeted  throagh  slip  rings.  Figaro  2 
illustrates  various  coapoaents  of  the  rig  aad  shows  how  the  rig  is 
positioned  in  angle  of  attack  aad  sideslip. 

The  systea  is  capable  of  rotatiag  ap  to  90  rpa  ia  either  direction. 
A  range  of  Qb/2V  values  eaa  be  obtained  by  adjusting  rotational  speed 
aad/ or  taaael  air  flow  velocity.  (Static  aerodynaaie  forces  aad  aoaeats 
are  obtained  when  0*0.) 

The  data  acquisition,  redaction,  aad  preseatatioa  systea  is  coaposed 
of  a  12- channel  seanner/voltaotor .  a  aiai-eoapater  with  internal  printer, 
a  plotter,  aad  a  CET  display.  This  eqaipaeat  peraits  data  to  be 
I  presented  via  on-line  digital  priat-outs  aad/or  graphical  plots. 


|  TEST  PB0CEDUKES 

Rotary  aerodynaaie  data  are  obtained  ia  two  steps.  First,  the 
inertial  forces  and  aoaeats  (tares)  acting  on  the  aodel  at  different 
attitudes  aad  rotational  speeds  anst  be  deterained.  Ideally,  these 
inextial  teras  would  be  obtained  by  rotating  the  aodel  in  a  vaenna,  thns 
eliaiaating  all  aerodynaaie  forces  aad  aoaeats.  As  a  practical  approaoh, 
this  is  approxiaated  olosely  by  enclosing  the  aodel  in  a  sealed  spherical 
structure*  which  rotates  with  the  aodel  without  touching  it,  snch  that 
the  air  iaaediately  surrounding  the  aodel  is  rotated  with  it.  As  the  rig 

! 


NADC-81293-60 


is  rotated  at  the  desired  attitude  and  rate,  the  iaertial  forces  aad 
■Meats  generated  by  the  aodel  are  aea sored  aad  stored  oa  aagaetie  tape 
for  later  use. 

The  seooad  step  is  to  reaove  the  eaelosore  aad  record  force  aad 
■oaeat  data  with  the  air  oa.  The  tares,  aeasared  io  step  oae,  are  thea 
subtracted  froa  these  data,  leaving*  oaly  the  aerodyaaaic  forces  aad 
aoaeats,  which  are  converted  to  coeffioieat  fora  aad  stored  oa  aagaetie 
tape. 


MODEL 

A  1/12-scale  aodel  of  the  Navy/Gruaaan  F-14  fighter  airplaae  was 
coastructed  of  balsa  aad  plywood.  A  three-view  drawiag  of  the  aodel  is 
showa  ia  figure  3,  diaeasioaal  characteristics  of  the  basic  aodel  are 
listed  iu  Table  I  ,  aad  a  photograph  of  the  aodel  iastalled  oa  the  rotary 
balaace  located  ia  the  Langley  Spia  Tuaael  is  preseated  ia  figure  1. 

The  aodel  coatrol  surfaoes  could  be  set  at  aay  posit ioa  prior  to 
testiag.  The  aaxiaua  deflectioas  for  the  coatrol  surfaces  were: 


rudder  (deg)  30  right,  30  left 

sysnaetrical  horisoatal  tail  (TE)  35  up,  10  down 
differential  horisoatal  tail  (TE)  12  up,  12  down 
spoilers  (deg)  55 

Additionally,  the  glove  vane  could  be  extended  to  15°  or  retraoted 
iato  the  wiag-glove  aad  the  aaneuver  flaps  sad  slsts  could  be  extended 
for  the  aaaeuver  configure t ion  to  10°  aad  7°  deflectioas. 
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Canards  vara  also  constructed  which  eoald  ba  aountad  os  tha  forward 


fuselsge  sides,  as  shown  In  figure  4. 

TEST  CONDITIONS 

Tha  tasts  vara  oonduetad  In  tha  spin  tnnnal  at  a  fraa-straan 
veloeity  of  25  ft/sec,  which  corrasponds  to  a  Reynolds  nnnbar  of 
approximately  130,000  based  on  wing  chord.  All  tha  configurations  ware 
tasted  through  an  sngle-of-ettaok  range  of  0°  to  90°  in  5° 
incr events,  unless  otherwise  noted  in  Table  II.  For  all  tha  tests,  tha 
spin  axis  passed  through  tha  full-scale  airplane  nominal  eg  loaation 
(0.16c).  For  each  angle  of  attack,  data  ware  obtained  at  rotation  rates 
yielding  tha  following  flb/2Y  values,  rounded  to  two  daeisml  places: 
0.,  0.07,  0.14,  0.27,  0.41,  0.S4,  in  both  clockwise  (positive)  and 

counter-clockwise  directions. 


DATA  PRESENTATION 

Table  II  ident if ie s  the  configurations  tested  and  their 
corresponding  file  names.  The  files  are  written  in  the  order  shown,  on 
a  nine-track  data  tape.  The  data  tape  was  produced  by  s  CDC  Computer  and 
should  be  read  as  s  stranger  tape  with  standard  blocking  at  1600  bpi.  All 
other  parameters  are  the  defaults.  The  dsta  within  esoh  file  is  arrsnged 
in  the  following  order:  The  first  68  chsraoters  in  esch  file  provide 
identification  informat'oa  consisting  of  the  date  the  tests  were 
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performed,  the  name  of  the  model  (F-14),  the  conf iteration  teated,  and  a 
ran  number  need  at  the  apin  tnnnel  for  bookkeeping  purposes.  These  data 
are  written  in  A8,2A25,E10.3  format. 

The  remainder  of  eaoh  file  contains  the  data  measured  during  the 
rotary  balance  testing  of  the  given  configuration,  beginning  with  the 
smallest  angle  of  attack  and  moat  negative  spin  rate  (0b/2V).  The  data 
are  ordered  snoh  that  first  the  angle  of  attack  is  held  constant  while 
the  8b/2V  increases  to  its  maximum,  followed  by  the  data  for  the  next 
larger  angle  of  attaek,  beginning  again  at  the  most  negative  &b/2V.  There 
will  be  two  sets  of  xero  Qb/2V  data  at  each  a,  because  static 
(0b/2V-0)  values  were  measured  twice. 

Bach  data  point  consists  of  171  characters,  which  present  the 
following  data  in  order: 

angle  of  attack,  sideslip  angle,  point  number,  C^,  Cj, 

CM,  C, ,  C  ,  C  ,  0b/2V,  C_,  C_,  C. 

"  1  "  “  •  L  D  ‘stab. 

C  ,  raw  voltages  for  axial  force,  side  force, 

nstab. 

normal  force,  roll  moment,  pitch  moment,  and  yaw  moment,  and, 

lastly,  rotary  rig  KPN. 

These  data  are  written  using  the  following  format: 

2E9.2,E13.6,11F7.4,6F9.6,B9.2 

All  the  moment  data  are  presented  for  a  eg  position  of  0.16c. 

Unless  otherwise  designated  in  Table  II,  the  airplane  was  tested  in 
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til*  UMsTtr  configuration,  which  consisted  of  the  glows  wane  sad  maaeuwer 
flaps  and  slats  extended  for  the  22°  and  50°  wing  sweeps.  At  (8° 
wing  sweep,  the  glows  wane  was  extended. 

Pradiatod  Spin  Modes 

A  comparison  of  spin  nodes  predicted  nsing  rotary  balance  data  and 
experimental,  free-spinning  aodel  results  are  presented  in  Table  IV.  The 
predicted  spin  node  characteristics  agree  well  with  the  experinental 
results  at  22°  wing  sweep.  Both  the  predicted  and  experinental  results 
indicate  that  sweeping  the  wings  to  (8°  produces  a  slower,  steeper  spin 
node,  although  the  rotary  balance  data  shows  a  greater  influence  of  wing 
sweep  than  was  obserwed  in  the  spin  tunnel  results.  The  effect  of  wing 
sweep  is  primarily  caused  by  inprowed  damping  of  the  yawing  moment  at 
high  angles  of  attack  as  the  wings  are  swept  aft.  This  should  also 
prowide  inprowed  reoowery  characteristics  with  the  wings  swept  aft,  as  was 
obserwed  in  the  spin  tunnel. 

Q 

Spin  modes  with  the  stick  aft  (-23  6^)  are  significantly 
slower  with  pro-spin  controls,  and  the  results  suggest  that  recoweries 
can,  likewise,  be  inprowed  by  maintaining  aft  stiok.  This  is  due  to 

! 

inprowed  yaw  damping  with  the  stick  aft  at  high  angles  of  attack. 

When  the  airplane  was  configured  with  the  canards  shown  in  figure  4, 

steeper,  slower  spins  resulted,  as  shown  in  Table  V.  This,  again, 

I 

results  from  greater  yaw  damping  at  the  high  angles  of  attack,  which, 
in  this  case,  is  produoed  by  the  canards.  The  oansrds  also  eliminated  a 
non— xero  yawing  moment  at  xero  sideslip  angle  and  rotation  rate  in  the 
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40°  to  70°  angle-of-a ttack  riap.  Therefore,  the  canards  would  be 
expected  to  eliminate  the  <4°  right  spin  predicted  with  aft  stick  and 
nentral  lateral  controls,  since  this  mode  is  a  resnlt  of  the  pawing 
moment  offset. 
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TABLE  I.-  DIMENSIONAL  CHARACTERISTICS  OF  THE  1/12-SCALE  F-14  MODEL 


Overall  length,  ft  . .  5.16 

Wing: 

Span  (unswept),  ft .  5.34 

Reference  area,  ft2 .  3.92 

Aspect  ratio  7.28 

Taper  ratio  0.265 

Sweep  range,  deg  . .  22  to  68 

Dihedral  -1°50 ' 

Root  chord,  in  13.93 

Tip  chord,  in  3.69 

Mean  geometric  chord,  in .  9.80 

Incidence ,  deg : 

BL  8.025  +0.74 

BL  32.07  -4.10 

Pivot  location  PS  43.68 

BL  8.92 

Horizontal  tail: 

Span  (overall),  ft .  2.73 

Area  (exposed),  ft2 .  0.97 

Aspect  ratio  (exposed),  each  .  2.56 

Taper  ratio  0.213 

Leading  edge  sweep,  deg .  51 

Dihedral,  deg  -3.5 

Root  chord,  in  12.38 

Tip  chord,  in  2.64 

Mean  geometric  chord,  in .  8.54 

Airfoil  section: 

Root  65A004.64 

Tip  65A003.16 

Vertical  tail  (twin  fin) : 

Span,  ft  0.71 

Area,  ft2  .  0.82 

Aspect  ratio,  per  fin  . -2.45 

Taper  ratio  . 0.358 

Leading  edge  sweep,  .  46°54 ' 

Root  chord,  in . 10.25 

Tip  chord,  in  . .  .  3.67 

Mean  geometric  chord,  in .  7.48 

Airfoil  section  .  65A004.5 

Toe-in  angle,  deg  .  0.85 

Cant  angle,  deg  outboard .  5.0 

Ventrals  (twin  ventrals,  uncanted ) : 

Area,  total,  ft2  .  0.13 

LE  sweep,  deg  .  40 
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- TABLE  II.  -  CONFIGURATIONS  TESTED  AND  DATA  ftt.f  tmtuty 

CONFIGURATION  e 

6h 

deg 

6 

sp 

deg 

CONTROLS 

6d 

deg 

6 

r 

deg 

8 

deg 

FILE 

NAME 

HBW22HV 

HBW22HVp+5* 

HBV22HVp+10 

HBW22HVp+l5 

HBW22HVd-15 

1 

1 

1 

1 

1 

i 

■ 

1 

1 

§9 

HBW22HV-30r 

HBW22HVp+15-30r 

HBW22HV+7d-30r 

HBW22HVp+15+7d-30r 

HBW22HV+55sp+7d-30r 

HBW22HViH-15+558p+7d-30r 

1 

1 

1 

1 

1 

l 

1 

mm 

m 

nn 

F14B4 

F14B5 

F14B14 

F14B15 

F14B 

F14B1 

HBW22HV+55ap+l2d-30r 

HBW22HVp+15+55ap+12d-30r 

HBW22HV+55ap+7d 

HBW22HVi>+15+55sr>+7d 

1 

1 

1 

1 

Hi 

i 

o 

+15 

0 

+15 

F14B16 

F14B17 

F14B2 

F14B3 

HBW22HV-23h 

HBW22HVp+l 5-23h 
HBW22HV-23h-30r 
HBW22HVp+15-23h-30r 

23 

0 

t 

c 

1 

nn 
!  1 

0 

0 

+15 

0 

+15 

F14B6 

F14B7 

F14BC 

F14B9 

HBW22HV-23h+55ap+7d-30r 

HBW22HVp+15-23h+55sp+d-r 

HBW22HV-23h+55sp+7d 

HBW22HVp+15-23h+55ap+7d 

HBW22HV-35hb 

HBH22HVo+15-35hb 

n 

- 

* 

1 

7  i 

,  ■  ° 

i  _  i  1 

0 

+15 

0 

+15 

0 

+15 

F14B22 

F14B23 

F14B12 

F14B13 

F14B28 

F14B29 

HBW22HV+6h 

HBW22HVp+15+8h 

HBW22HV+8h+55sp+7d 

HBW2  2HV  of  1 5+8h+55  ap+7  d 

1 

m 

■K1 

H 

1 

1 

0 

+15 

0 

+15 

F14B24 

F14B25 

F14B26 

F14B27 

■ 

■ 

■ 

■ 

■ 

■ 

1 

0 

0 

+15 

F14CL 

F14MP 

F14MP1 

HBcW22HV 

HBcW22HVp+5a 

HBcW22HVp+10a 

HBcW22HVp+15 

HBcV22HVp-15a 

0 

+5 

+10 

+15 

-15 

F14C 

F14C3 

F14C2 

F14C1 

F14C4 

“static  (fib/2V-0)  only 
^tested  for  a*20-90°  only 


edata  were  measured  at  a  eg  location 
of  0.16c  for  all  configurations 


Cglove  vane  in,  slats  and  flaps  retracted 
^chin  pod  removed 
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I 


TABLE  II.-  CONCLUDED 


CONFIGURATION* 

| 

_ dag _ 

6 

■P 

_ deg _ 

5d  1 

_ deg _ 

6 

r 

_ deg _ 

n 

FILE 

NAME 

HBcW2  2HV+5  5  sp+7  d- 30r 

C 

wm 

0 

F14C5 

HBcW22HVp+15+55ap+7d-30r 

f 

m 

+15 

F14C6 

HBctf 2  2HV-23h+sp+7d-r 

mm 

■ 

9 

9 

0 

F14C7 

HBcW22HVp+15-23h+stH-7d-r 

IB 

Mi 

i  m 

9 

+15 

F14C8 

HBW50HV 

0 

0 

0 

0 

F14D2 

HBW50HVp+15 

j 

! 

+15 

F14D3 

HBW50HV-30r 

1 

-3 

yrjin 

0 

F14D6 

HBW50HVp+15-30r 

! 

f 

+15 

F14D7 

HBW50HV+55sp+7d-30r 

+55 

+7 

i 

0 

F14D 

HBW50HVp+15+55sp  7d-30r 

_ 1 _ 

+15 

F14D1 

1 

i 

1 

0 

F14D8 

f 

+15 

F14D9 

HBW50HV-23h 

m 

n 

n 

0 

F14D4 

HBW50HVp+15-23h 

■ 

W 

9 

111- 

+15 

F14D5 

HBW50HV-23h-30r 

0 

F14D10 

HBH50HVrrH5-23h-30r 

H 

9ii 

9K9H 

■ 

+15 

F14D11 

HBW50HV-23h+55sp4-7d-r 

■ 

■ 

n 

■ 

■ 

0 

F14D14 

HBW50HVp+15-23h+sp+7d-r 

1 

■B 

«■ 

I 

1 

+15 

F14D15 

HBW50HV-23h+55sp+7d 

1 

V 

'K 

p 

0 

F14D12 

HBW50HVtrt-15-23h+55sp+7d 

B 

Hi 

■ 

+15 

F14D13 

HBU30HVCLEANc 

MM 

■ 

F14D16 

HBW68HV 

Hi 

■ 

■ 

■ 

■■ 

■ 

■1 

HQH 

F14E2 

HBW68HVpfl5 

■ 

1  1 

m 

1 

B3I 

F14E3 

HBW68HV+7d-30r 

I  1 

!|  | 

Hoy 

FOT 

HBW68HVp+15+7d-30r 

1 

1 

■1 

mm 

f14e1 

HBW68HVCLEAM  f 

M 

mm 

mm 

F14E4 

Cglove  vane  in,  slats  and  flaps  retracted  'data  were  measured  at  a  location 

of  0.16c  for  all  configurations 

f glove  vane  retracted 
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TABLE  III.-  CONFIGURATION  DEFINITION 


(1)  (2)  (3)  (4) 


(1)  The  leading  H  designates  the  NASA  strain  gauge  balance  used  Cor  the  tests; 
in  this  case  the  HCF03  balance. 

(2)  These  characters  define  the  configuration: 

B  “  body,  including  wing  -  glove,  nacelles,  ventrals,  and- chin  pod, 
unless  otherwise  specified 

c  »  canards;  if  the  c  is  omitted ,  the  canards  are  not  present 
M2*  wing  and  A1 K,  in  degrees 
H  ■  horizontal  tail 

V  •  vertical  tails 

(3)  The  sideslip  angle  is  specified  as  p  plus  the  angle  in  degrees.  If  no 
specification  is  present,  this  indicates  zero  sideslip  angle. 

(4)  The  control  deflections  are  specified  as  the  deflection  in  degrees  (sign 
convention  as  specified  in  the  Symbols  list),  followed  by  letters  designating 
which  surface,  as  follows: 

h  •  symmetrical  horizontal  tail  deflection,  6h 

sp  ■  spoiler  deflection,  6^ 

d  ■  differential  tail  deflection,  6^ 

r  -  rudder  deflection,  6 

r 

If  a  surface  is  not  designated,  the  deflection  was  zero.  The  maximum  string 
length  for  the  configuration  description  is  25  characters.  To  meet  this 
requirement  for  some  configurations,  the  degrees  of  deflection  for  some 
control  surfaces  were  omitted;  however,  the  sign  of  the  deflection  was  re¬ 
tained.  The  deflections  in  such  esses  esn  be  determined  from  Table  II. 


TABLE  V.-  INFLUENCE  OF  CANARDS  ON  PREDICTED  SPIN  MODES 
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Figure  1.-  Photograph  of  1/12-scale  model  installed 
on  the  rotary  balance  apparatus. 
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W.L.  12.1 


Figure  3 


-  Three-view  sketch  of  1/12-scale  model.  Dimensions  are  given 

in  inches. 


NADC-81293-60 


F.S.  F.S.  F.S. 

7.7  13.6  20.2 


Figure  4.-  Ske-ch  of  canards  tested  on  the  1/12-scale  F-14  model 
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